Quantum n-body correlations violate inequalities for nonlocal theories in which arbitrary correlations are allowed within any strict subset of bodies while only local correlations are allowed between the subsets. Violations of these inequalities have been recently observed up to n = 6. An important question is why the universe is exactly as genuinely n-body nonlocal as predicted by quantum theory, but not more or less. Here we prove that, for any n > 2, the exclusivity principle and two assumptions (namely, independence of remote experiments and existence of a joint probability distribution for certain measurements), give, for general probabilistic theories, the same genuinely n-body nonlocality found in quantum theory.
Introduction.-Bell showed that quantum theory (QT) violates bipartite inequalities satisfied by local realistic theories, called Bell inequalities [1] . Similar violations occur for systems of three or more parties [2] . Remarkably, this so-called "quantum nonlocality" is just the tip of an iceberg. Svetlichny showed that QT also violates tripartite inequalities satisfied by theories in which arbitrary correlations (even signalling ones!) are allowed between two of the three parties, but only local correlations are allowed between these two parties and the third one; the pair with arbitrary correlations may be different in each repetition of the experiment [3] . Indeed, as shown independently by Collins et al. [4] and Seevinck and Svetlichny [5] , this phenomenon is even more general: QT violates npartite inequalities satisfied by theories in which arbitrary correlations are allowed among k parties (with 1 ≤ k ≤ n − 1) and also among the other n − k parties, while only local correlations are allowed between the first k parties and the second n − k parties; again, the sets of k and n − k parties may be different in each repetition of the experiment. This means that n−1-partite nonlocality cannot explain n-partite quantum correlations. In this sense, QT exhibits "genuine n-body nonlocality." This is arguably one of the most important results about QT after Bell's.
Recently, genuine three-body nonlocality has been observed in experiments with photons [6] , even under strict locality conditions [7] , and also with high detection efficiency [8] . In addition, genuine multipartite quantum nonlocality free of the detection loophole has been observed with trapped ions for up to n = 6 [9] .
The existence of a gap between the maximum quantum violation of the inequalities detecting genuine multipartite nonlocality of Refs. [4, 5] and their maximum possible violation according to the nonsignalling principle adds a new perspective to Popescu and Rohrlich's question of why the universe is exactly as nonlocal as predicted by QT, but not more or less [10] . The question now becomes why is it exactly as genuinely n-body nonlocal.
There are two different programs towards understanding quantum correlations from first principles. On one hand, the "black box" program, which only deals with correlations produced by local demolition measurements in multipartite scenarios. This approach makes no assumptions on the internal working of the measurement devices (which are treated as "black boxes") and pay no attention to the post-measurement state and, consequently, restricts its attention to a particular class of "quantum correlations," namely those represented by joint probabilities p(a 1 , . . . , a n |x 1 , . . . , x n ) of obtaining outcome a i when measurement x i is performed on body X i , assuming that the recording of a i and the choice of x j can be spacelike separated for all pairs in which i = j. Although this approach has explained some quantum correlations [11] , including the quantum limits of the inequalities detecting genuine n-body nonlocality [12] , it cannot explain quantum correlations in contextuality scenarios [13] . Moreover, has been proven that the principle used in Refs. [11, 12] cannot explain the impossibility of some nonquantum extremal nonlocal boxes in the 3-party, 2-setting, 2-outcome scenario [14] . In addition, there is increasing evidence that the black box program, with independence of the principle invoked, cannot explain even all nonlocal quantum correlations [15] .
In contrast, the "sharp measurements," "graph-theoretic," or "contextuality" program [16] [17] [18] deals with correlations produced by "sharp" measurements. For general probabilistic theories (GPTs), sharp measurements are defined as nondemolition measurements that are repeatable and cause minimal disturbance [19, 20] . Within this program, "quantum correlations" are those represented by joint probabilities p(a, . . . , c|x, . . . , z) in which x, . . . , z are sharp compatible (but not necessarily spacelike separated) measurements. For a sharp measurement, a measurement "event" is a transformation which turns the initial state of the system into a new state. The event is characterized by the post-measurement state and can be labeled by the outcomes of a set of sharp measurements on the initial state, e.g., an event can be labeled as (a, . . . , c|x, . . . , z). Two events are equivalent when they correspond to indistinguishable states. Two events are exclusive when there is a sharp measurement that perfectly distinguishes between them. The exclusivity (E) principle [21] states that any set of m pairwise exclusive events is m-wise exclusive. Therefore, from Kolmogorov's axioms of probability, the sum of the probabilities of m pairwise exclusive events cannot exceed 1. However, the E principle is not implied by Kolmogorov's axioms; there are theories satisfying Kolmogorov's axioms which do not satisfy the E principle arXiv:1411.0153v1 [quant-ph] 1 Nov 2014 [22] . On the other hand, the E principle is implied by some fundamental principles proposed to derive QT [20, 23, 24] .
The E principle, together with the assumption that two remote experiments can be statistically independent, has explained the maximum quantum violation of the simplest noncontextuality inequality [21] , excluded any set of probability distributions strictly larger than the set of correlations achievable with quantum systems for any self-complementary graph of exclusivity [25] . By making an additional assumption, the E principle has also explained the Tsirelson bound of the Clauser-Horne-Shimony-Holt Bell inequality [26] . The E principle applied to the device-independent program is called local orthogonality and, combined with the assumption of independence of remote experiments, has explained why all extremal nonlocal boxes in the 3-party, 2-setting, 2-outcome scenario are not feasible in QT [27] .
Here we show that the E principle, with two assumptions, also singles out the limits of the n-body nonlocality predicted by QT for the scenario with n parties, each with two possible measurements, each with two possible outcomes, as considered in Refs. [4, 5] .
Quantum violation of inequalities to detect genuine n-body nonlocality.-In this work we focus on the inequalities to detect genuine n-body nonlocality introduced, independently, by Collins et al. [4] and Seevinck and Svetlichny [5] . They consider n parties, each party i measuring x 0 or x 1 (which may be different for different parties) with outcome a i ∈ {−1, +1}. They prove that, for hybrid theories in which arbitrary correlations are allowed among k parties (with 1 ≤ k ≤ n − 1) and also among the other n − k parties, while only local correlations are allowed between the first k parties and the second n − k parties, and no matter the value of k,
where " H ≤ 2 n−1 " indicates the corresponding tight bound for these hybrid theories and " Q ≤ √ 2 × 2 n−1 " indicates the corresponding tight bound in QT. S n , with n > 2, is a linear combination of mean values of products of local measurements on the n bodies. Specifically, S n can be defined recursively as
where S n−1 is obtained from S n−1 by exchanging 0 and 1, and
which is a simplified notation for x 0 x 0 + x 0 x 1 + x 1 x 0 − x 1 x 1 . As an example, using the simplified notation, The limits enforced by the E principlea.-For convenience, we relabel the measurement outcomes a i ∈ {+1, −1} as b i = (1 − a i )/2, so that b i ∈ {0, 1}. Then, inequality (1) can be rewritten as
with
where ⊕ denotes addition modulo 2. The relation between S n and Σ n is
To understand the quantum bound, let us consider two copies of an experiment testing one of these inequalities; one copy in Stockholm and the other in Vienna. These two copies are assumed to be statistically independent in the sense that, if we denote an event in Stockholm by (b 1 , . . . , b n |x 1 , . . . , x n ) and an event in Vienna by (b 1 , . . . , b n |x 1 , . . . , x n ), the probability of the global event
Now consider the sum of the probabilities of all events of the type (b 1 , . . . , b n , b 1 , . . . , b n |x 1 , . . . , x n , x 1 , . . . , x n ) in which both the Stockholm and Vienna parts are in Σ n . This sum equals Σ 2 n , assuming that the maximum of Σ n is the same in both cities and using the independence condition (8) . Similarly, consider the sum of the probabilities of all events of the type (b 1 , . . . , b n , b 1 , . . . , b n |x 1 , . . . , x n , x 1 , . . . , x n ) in which both the Stockholm and Vienna parts are not in Σ n . This second sum equals (2 n − Σ n ) 2 . This comes from the assumption that the maximum of Σ n is the same in both cities, the assumption (8) , and the following observation: In Σ n there are 2 n different "contexts" (x 1 , . . . , x n ). The sum of the probabilities of all the events in a given context is 1. Σ n is the sum of the probabilities of half of the 4 n possible events of the type (b 1 , . . . , b n |x 1 , . . . , x n ). Therefore, the sum of the probabilities of the other half is 2 n − Σ n . In these two sums, we have considered, in total, (4 n ×4 n )/2 events (b 1 , . . . , b n , b 1 , . . . , b n |x 1 , . . . , x n , x 1 , . . . , x n ). These events can be distributed in 4 n disjoint sets, each set containing 2 × 4 n−1 pairwise exclusive events. For a given n, these disjoint sets are constructed recursively from the corresponding sets for n − 1. For n = 2, these sets are described in the first four columns and the caption of Table I . Now recall that the E principle applies to scenarios involving sharp measurements. Therefore, there is the possibility of performing extra measurements after those used to label the events (b 1 , b 2 , b 1 , b 2 |x 1 , x 2 , x 1 , x 2 ). Let us consider four possible measurements A ij , with i, j ∈ {0, 1}. A ij is a collective (0, 0, 0, 0|0, 0, 0, 0) (0, 1, 0, 1|0, 0, 0, 0) (0, 0, 1, 1|1, 0, 1, 0) (0, 1, 1, 0|1, 0, 1, 0) (1, 0|A00, A11 0, 0, 0|0, 0, 1, 0) (0, 1, 0, 1|0, 0, 1, 0) (0, 0, 1, 1|1, 0, 0, 0) (0, 1, 1, 0|1, 0, 0, 0) (1, 0|A01, A10)  (0, 0, 1, 1|0, 0, 1, 0) (0, 1, 1, 0|0, 0, 1, 0) (0, 0, 0, 0|1, 0, 0, 0) (0, 1, 0, 1|1, 0, 0, 0) (0, 1|A01, A10) TABLE I: Construction of 16 sets of nine pairwise exclusive events for n = 2. Each row displays five pairwise exclusive events. The first four events in a row are of the type (b1, b2, b 1 , b 2 |x1, x2, x 1 , x 2 ) . For each row, there are other four events (not displayed) which are obtained by adding 1 modulo 2 to the outcomes of the first four events. The ninth event of the set is displayed in the fifth column and is of the type (c, d|A00, A11) or (e, f |A01, A10). There are other eight sets (not displayed) which are obtained by exchanging the roles of the parties in Stockholm and Vienna. measurement on two particles: the particle of the first party in Stockholm and the particle of the first party in Vienna. A ij is compatible with x 1 = i (the measurement of the first party in Stockholm) and x 1 = j (the measurement of the first party in Vienna). By definition, A ij gives 0 if b 1 = b 1 (i.e., if the results of x 1 = i and x 1 = j are equal), and 1 if b 1 = b 1 . A ij is a well-defined sharp measurement in all GPTs in which x 1 and x 1 are sharp and compatible. We have assumed that x 1 and x 1 are sharp. They are also compatible since they act on different particles. Now let us make an extra assumption about A ij . For x 1 = 0 and x 1 = 1 leading to a maximum value of Σ n and for all c, d, e, f ∈ {0, 1}, the events (c, d|A 00 , A 11 ) and (e, f |A 01 , A 10 ) have well defined probabilities. This implies that c,d∈{0,1} p(c, d|A 00 , A 11 ) = 1, e,f ∈{0,1}
p(e, f |A 01 , A 10 ) = 1, (9) where c, d, e, f are the outcomes of A 00 , A 11 , A 01 , A 10 , respectively. This assumption is satisfied by QT (for sharp measurements and sharp extensions of generalized measurements) and also by more general GPTs.
Then, e.g., for all b 2 , b 2 , x 2 , x 2 , event (1, 1|A 00 , A 11 ) and event (0, b 2 , 0, b 2 , |0, x 2 , 0, x 2 ) are pairwise exclusive. Therefore, to each of the 16 sets of pairwise exclusive events described in the first four columns of Table I we can add one extra event, either (c, d|A 00 , A 11 ) or (e, f |A 01 , A 10 ), such that the resulting set only contains pairwise exclusive events. The event added to each set is displayed in the fifth column of Table I . Each of the eight events (c, d|A 00 , A 11 ) and (e, f |A 00 , A 11 ) is exactly in two sets.
Then, given the 4 2 sets of, now, 1 + 2 × 4 pairwise exclusive events for n = 2 parties, we can construct 4 2 × 4 sets of 1 + 2 × 4 2 pairwise exclusive events for n = 3 parties as follows. Take each one of the sets in n = 2 and add, to each of the events of the type Similarly, we can construct sets for n + 1 parties, given the 4 n sets of 1+2×4 n−1 pairwise exclusive events for n parties. Now we can apply the E principle. For each set of pairwise exclusive events, the E principle implies that the sum of their probabilities cannot be larger than 1. This can be expressed as an inequality. We will refer to these inequalities as "E inequalities." There is one E inequality for each set. If we sum the 4 n E inequalities and take into account (9), we reach to the following inequality:
where the origin of the terms Σ 2 n and (2 n − Σ n ) 2 has been explained before, while 4 n−1 follows from the fact that there are 4 n−1 sums like those in Eq. (9), and 4 n follows from the fact that we are summing 4 n E inequalities. Finally, from inequality (10), we can conclude that
which is exactly the quantum bound in expression (5).
Conclusion.-Within the sharp measurements approach to quantum correlations and making two extra assumptions (independence of remote experiments and existence of a joint probability distribution for certain measurements) that holds in QT and in more GPTs, we have been able to explain in a simple way the quantum limits of the n-body nonlocal correlations, for any n > 2, revealed by the violation of the inequalities in Refs. [4, 5] recently tested in several experiments [6] [7] [8] [9] . This shows that the power of the E principle to single out quantum correlations is not limited to contextual [21, 25] and nonlocal [26] correlations, but applies to more general correlations.
At first sight, the E principle is a probabilistic postulate that can be added to those of Kolmogorov. Therefore, a natural question is whether the E principle can be formulated in a more physical way. In this respect, recent works have shown that the E principle is implied by a variety of physical principles. For example, the E principle follows from the postulate that every measurement arises from a sharp measurement performed jointly on the system and the environment [20] . It also follows from the postulate of lack of third order interference [24] . Finally, it also follows from postulates 1 and 2 in Ref. [23] . This shows that the E principle might not appear explicitly in a physical formulation of QT although, as suggested by this and previous works, it is responsible of many fundamental limits of quantum correlations.
A final observation comes from the fact that classical correlations satisfy the E principle, but do not exhibit contextuality, nonlocality, and genuinely n-body nonlocality, as QT. This shows that, while it is true that the E principle "cuts" nonlocality and contextuality in GPTs admitting sharp measurements [20, 24] , it actually cuts them differently, depending on the graphs of exclusivity that are physically feasible. A graph of exclusivity is one in which vertices are adjacent if and only if they represent exclusive events [21] . Therefore, the assumption that, as in QT, any conceivable graph of exclusivity is physically feasible is, arguably, a key to complete a compelling set of physical postulates that allows us to finally understand QT.
